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0 A fluid delivery device for a machining center, and a machining center. 



0 This invention relates to a machining center fluid 
delivery system comprising a body block to be 
mounted on a tool holder (2) to be installed in a 
machining center and a driving source block (30-33) 
to be mounted on the machining center, and to a 
machining center equipped with such a fluid delivery 
system. 

The body block comprises a body member (16) 
connecting nozzles (17) to fluid delivery pipe (18). 
The fluid delivery pipe engages with the driving 
source block to supply fluid to the nozzles from a 
source external to the machining center, and trans- 
fers rotary drive from the driving source block to the 
body block. 

The driving source block drives in response to 
signals characteristic of the position of the machining 
point between the tool and the workpiece being 
r- machined, whereby the nozzles direct fluid to the 
^machining point continuously, as the machining point 
(jj moves during the machining operation. 
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A fluid delivery device for a ma 

This invention relates to a machining center 
fluid delivery device to be mounted on a machining 
center for supplying a cooling fluid to the machin- 
ing point and to a machining center equipped with 
said machining center fluid delivery device. 

For a rationalization and automation of produc- 
tion lines, the so-called machining centers 
(multiple-duty machine tools) each able to perform 
a variety of machining operations such as milling, 
tapping, boring, etc. automatically and with high 
efficiency have been widely employed. Such a 
machining center generally has a positioning func- 
tion for setting a workpiece in position automati- 
cally and a machining function for performing mill- 
ing, tapping, boring and/or other machining work on 
an elected part of the workpiece, and carries as 
incorporated therein a variety of tools necessary for 
such operations as securely mounted on respective 
tool holders. As such, the machining center per- 
forms the intended machining as the tool required 
therefor is automatically selected from the battery 
of tools, taken out together with the tool holder as a 
unit, and mounted on the lower end of the spindle 
of the machining center. 

Figure 21 shows a machining tool and tool 
holder as so mounted as a unit on the machining 
center spindle. It is a longitudinal section view 
showing the spindle and associated assembly of 
the machining center. In the drawing, the reference 
numeral 1 designates a spindle for imparting a 
rotary motion to a tool 13 for the machining of a 
workpiece and the numeral 2 designates a tool 
holder mounted at the lower end of said spindle 1 . 
The tool holder 2 is described below in detail. The 
tool holder 2 comprises a frustoconical mating 
member 4 complementary to a tapered inner wall 3 
of said spindle 1 in proximity with its lower end, a 
grippable member 6 projecting in the manner of a 
bolt from the center of the upper surface of said 
mating portion 4 and engageable with a chuck 
member 5 disposed within said spindle 1, an arm 
engaging member 8 formed on the bottom of said 
mating member 4 and having a groove 7 adapted 
to engage with a tool mounting-dismounting arm 
(not shown) of the machining center, and a tool 
coupling shaft 9 extending downwards from the 
center of the lower end of said arm-engaging mem- 
ber 8. The tool 13 is set in position at the lower 
end of the tool coupling shaft 9 of the tool holder 2 
and is secured in position by means of a lock 
screw 10. 

In this arrangement, the machining center per- 
forms a machining operation as follows. First, a 
workpiece is set on a work table (not shown) dis- 
posed under said spindle 1 . The table is adapted to 



ining center, and a machining center 

slide in X- and Y-directions in accordance with a 
pre-inputted program and positions the workpiece 
at the machining start point (origin) for the work- 
piece. Then, the spindle 1 begins to rotate to cause 
5 the tool holder 2 and the tool 13 to spin as a unit 
and, at the same time, said work table ascends (or 
the spindle 1 descends) to bring the edge or point 
of the tool 13 into contact with the portion of the 
workpiece to be machined, whereby the desired 

70 machining of the workpiece is initiated. With a 
constant shift of the table or the spindle 1 in 
accordance with the pre-inputted program, the po- 
sition of contact of the workpiece with the tool point 
is constantly varied, thereby giving a predeter- 

75 mined finished shape to the workpiece. After com- 
pletion of the above continuous series of oper- 
ations, the pressure contact between the tool 13 
and the workpiece is relieved and the machined 
work is taken out from the table. When a plurality 

20 of workpieces are to be machined in the same way, 
a new workpiece is fed onto the table as soon as 
the machined work is taken out and the above 
series of operations is performed once again so 
that continuous automatic machining is carried out. 

25 Now, even in such automatic machining with a 

machining center, just as in the ordinary machine 
tool operation, there are cases in which a cutting 
fluid or grinding fluid must be supplied and, there- 
fore, a fluid nozzle means for delivering such a 

30 cutting or grinding fluid is incorporated in the ma- 
chining center. 

However, in spite of the fact that the machining 
direction of the tool 13 with respect to the work- 
piece is determined as aforementioned by the rela- 

35 tive position of the table carrying the workpiece 
and the spindle 1, the delivery of the cutting or 
grinding fluid is generally done from a delivery 
nozzle fixed in a position quite indifferent to the 
movements of the table and spindle 1 within the 

40 machining center. Thus, the fluid is delivered with- 
out regard to the machining direction of the tool 13 
with respect to the workpiece. Therefore, whereas 
the effect of cooling ought to be directed mainly to 
the point where the most intense heat is generated 

45 in machining such as cutting, grinding, etc.. that is 
the critical point (machining point) where the edge 
or point of the tool 13 enters into the workpiece, 
the fluid is delivered off the mark so that the 
generated heat of machining cannot be fully con- 

50 . trolled with consequent problem such as serious 
damages to the tool 13. 

Therefore, it is common practice to employ an 
elongated jet nozzle 150 that can be finger-con- 
trolled in a direction of delivery as illustrated in Fig. 
22 and perform machining with the operator man- 
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ipulating the nozzle 150 to keep up with the con- 
dition of machining. However, this system is not in 
alignment with the degree of convenience offered 
by other features of the machining center. There- 
fore, there has been a standing need for a machin- 
ing center equipped with such a feature as ensures 
that the machining fluid can always be directed to # 
the aforementioned machining point. 

According to the invention there is provided a 
fluid delivery system for a machining center com- 
prised a driving source block for mounting on a 
machining center and a body block for mounting 
on a tool holder for use in the machining center, 
the body block being adapted to rotate freely about 
the tool holder connecting shaft when the tool 
holder is mounted on the machining center, the 
body block comprising a fluid delivery pipe which, 
when the body block is on a tool holder mounted 
on a machinery center, connects a source of fluid 
to a fluid nozzle carried on the body block and 
transmits rotary drive from the driving source block 
mounted on the machining center of the body 
block. 

Preferably, the driving block is adapted to drive 
the body block in response to signals characteristic 
of the position of the machining point of the tool in 
the tool holder carrying the body block, whereby 
fluid may be directed from the source of fluid to 
the machining point by way of the or each fluid 
delivery pipe and the or each fluid nozzle. 

The invention will be further described with 
reference to the drawings in which: 

Fig. 1 is a longitudinal section view showing 
an embodiment of this invention; 

Fig. 2 is a sectional elevation view taken on 
the line A-A of Fig. 1 ; 

Fig. 3 and Fig. 4 each is a schematic view 
illustrating the machining operation using an em- 
bodiment of this invention; 

Fig. 5 is a schematic view illustrating the end 
connection of a fluid delivery pipe according to this 
invention; 

Fig. 6 is a schematic view illustrating a modi- 
fication of the same; 

Fig. 7 is a schematic view illustrating jet 
nozzles and a modified fluid delivery pipe accord- 
ing to this invention; 

Fig, 8 is a schematic view showing a modi- 
fied embodiment fitted with a fluid delivery pipe in 
accordance with this invention; 

Fig. 9 is a longitudinal section view showing 
another embodiment of this invention; 

Fig. 10 is a longitudinal section view showing 
still another embodiment of this invention; 

Fig. 1 1 is a partial longitudinal section view 
showing a modification thereof, 

Fig. 12 is a bottom view thereof; 



Fig. 13 is a longitudinal section view showing 
another yet embodiment of this invention; 

Fig. 14 is a sectional elevation view taken on 
the line A-a' of Fig. 13. 
5 fig. 15 is a sectional elevation view taken on 

the line B-B' of Rg. 14; 

Fig. 16 is a sectional elevation view taken on 
the line C-C' of Fig. 14; 

Fig. 17(a) is a plan view showing an example 
10 of the coupling block used with the embodiment of 
Fig. 13; 

Rg. 17(b) is a front view thereof; 
Rg. 18 is a sectional elevation view taken on 
the line D-D of Fig. 17(b); 

15 Rg. 19 is a longitudinal elevation view illus- 

trating a still further embodiment of this invention; 

Rg. 20 is a longitudinal elevation view show- 
ing a modification thereof; 

Fig. 21 is a longitudinal section view showing 

20 the conventional machining center; and 

Rg. 22 is a partial perspective view showing 
the fluid delivery system of the conventional ma- 
chining center. 

Rg. 1 shows an embodiment of this invention. 

25 Thus, this machining center is provided with a 
machining center fluid delivery system which com- 
prises a driving source block as attached to the 
machining center body and a body block as at- 
tached to a tool holder 2, and as the tool holder 2 

30 carrying said body block is mounted on the ma- 
chining center equipped with said driving source 
block as illustrated, the two blocks are integrated 
into a unit which exhibits a fluid delivery function 
which is not shared by the conventional fluid sup- 

35 ply means. Incidentally, the machining center thus 
provided with the machining center fluid delivery 
system is similar to the conventional machining 
center (Fig. 21) and, therefore, the like numerals 
are used to denote the like parts of the two de- 

40 vices. It should also be noticed that the machining 
tool (13) is a grinding wheel in this case. 

First the driving source block of this fluid deliv- 
ery system is explained. The driving source block 
mentioned above comprises, in combination, a ring 

45 gear 30 as mounted at the lower end surface of an 
outer cylinder 1a of a spindle 1 of the machining 
center and rotatable along the circumference there- 
of, a pinion gear 31 which is in mesh with said ring 
gear 30 and adapted to drive it in a circumferential 

so direction, and a pulse motor 32, such as a stepping 
motor, which imparts an intermittent rotary motion 
to said pinion gear 31 and is capable of rotating 
said ring gear 30 quite independently of the driving 
system for the spindle 1. Indicated at 30a is a 

55 guide ring which holds said ring gear 30 rotatably 
on the lower end surface of said outer cylinder la 
of spindle 1, with a cutout in the position cor- 
responding to the position of engagement between 
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the ring gear 30 and pinion gear 31. Mounted in a 
position on the lower end surface of said ring gear 
30 is a coupling block 33 through which a fluid 
delivery tubing (not shown) is extending so as to 
supply a grinding fluid or the like from a fluid 
suppiy passageway disposed within the machining 
center. Then, the body block of this fluid delivery 
system is explained. This body block essentially 
comprises a body member 16 rotatably mounted 
on a tool coupling shaft 9 of the tool holder 2 
through a bearing 15, a fluid delivery pipe 18 
installed as protruding upright from the body mem- 
ber 16, and jet nozzles 17 extending circumferen- 
tially from the lateral side of said body member 16 
and discharging downwards. Thus, as shown in Rg. 
2 (the A- A section of Fig. 1), this body member 16 
is configured as a top-covered hollow cylinder with 
a partial cutout of the lateral side, and a couple of 
jet nozzles 17 which are conjoined at a common 
base are disposed extending along the outer pe- 
riphery of the body member 16 in such a manner 
that they discharge down (toward the machining 
point) from the respective edges of said cutout 
portion. The fluid delivery pipe 18 is such that it 
communicates with said base of jet nozzles 17 at 
its lower end and fits removably with the coupling 
block 33 of the driving source block mounted on 
the machining center at its upper end (Rg. 1). 
Within said body member 16, a slider 19 is loosely 
mounted on the tool coupling shaft 9 which carries 
the body member 16 and the whole body member 
16 is upwardly pre-energized by the biasing force 
of a compression spring 20 which bears on a 
spring retainer 21 fixedly mounted coaxially with 
said slider. By this upward pre-energization, said 
fluid delivery pipe 18 fits firmly into the coupling 
block 33 to assure a fluid-tight connection. 

The reference numeral 22 represents a stopper 
whose tip has been processed into a semi-spheri- 
cal configuration. When the body member 16 car- 
rying the tool holder 2 is removed from the spindle 
1 of the machining center, it fits into a conical 
groove 23 formed in an appropriate position on the 
lower end surface of the arm-engaging portion 8 of 
the tool holder 2 so as to set and lock the fluid 
delivery pipe 18 in an appropriate position. The 
appropriate position mentioned just above means 
. the position that when the tool holder 2 is mounted, 
said fluid delivery pipe 18 may automatically fit 
with the coupling block 33 carried by the ring gear 
30 of the machining center. In this connection, it is 
necessary that the length of the fluid delivery pipe 
18 on fitting be such that with the tool holder 2 
having been mounted on the machining center, the 
stopper 22 will not engage the conical groove 23. 
Thus, at the start of grinding operation following the 
mounting of the tool holder 2, the body member 16 
must be able to spin in a circumferential direction 



and stop as necessary in response to the move- 
ment of the ring gear disposed on the lower end 
surface of the outer cylinder 1a of the machining 
center spindle 2 but this is disabled if said stopper 
5 22 has been engaged by said groove 23. The fluid 
delivery pipe 18 and coupling block 33 thus in- 
tegrated not only serves as a passageway for the 
machining fluid but also serves to transmit the 
rotation of the ring gear 30 on the machining center 
70 side to the body member 16. The driving force for 
rotation of the ring gear is supplied by a pulse 
motor 32 through a pinion gear 31. The pulse 
motor is driven by a separate control means. Such 
control means may typically comprises in combina- 
75 tion a reader unit adapted to read the position of 
the machining point and output a signal, a com- 
putational operation unit adapted to compute the 
angle of rotation of the body member 16 cor- 
responding to the direction of discharge of the jet 
-20 nozzles 17 toward the machining point and output 
a signal, and a current supply unit adapted to 
energize said pulse motor. In such a combination, 
said reader unit reads the movement of the work 
table which transfers the workpiece to be machin- 
25 ed, for example on the X-Y coordinates, exploiting 
the characteristic of the machining center that the 
machining point is shifted in accordance with the 
movement of the work table. The readout is per- 
formed using the position of the table at the start of 
30 machining as the . origin (0, 0) and proceeding con- 
tinuously in such a manner that the position after U 
seconds is read as (xi, y,), the position after t 2 
seconds as (x 2 , y 2 ), and so on. The data signal 
obtained by said reader unit is inputted into the 
35 computational operation unit such as a computer. 
The computational operation unit receiving said 
data signal computes the corresponding angle of 
rotation of the body member 16 from the displace- 
ment of the table at At and outputs a signal. 
40 However, as the computation formula for comput- 
ing the angle of rotation of the body member 16 
from the displacement of the table varies with the 
shape of the workpiece to be ground, it is neces- 
sary to input an appropriate formula in the preset- 
45 ting of the machining center or select an appro- 
priate one from among a plurality of pre-inputted 
formulas. Based on the output from said computa- 
tional operation unit, a signal is fed to said pulse 
motor 32 which, thereupon, drives the ring gear 30 
so through a necessary angle. 

The grinding operation by the machining center 
equipped with the above-described fluid delivery 
device is carried out as follows. Thus, the tool 
holder 2 is automatically mounted on the machin- 
55 ing center. In this condition, as mentioned above, 
the fluid delivery pipe 18 projecting from the body 
member 16 of the fluid delivery device mounted on 
the tool holder 2 side engages the coupling block 
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33 on the machining center side, whereby as 
shown by the arrowmark in Fig. 1 , the body mem- 
ber 16 is depressed to release the engagement of 
the stopper 22 with the groove 23. Therefore, the 
body member 16 is integrated with the machining 
center ring gear 30 via the fluid delivery pipe 18. 

Grinding is started in this condition. 

The positioning and shift of the workpiece to 
be ground are carried out in the same manner as 
in the conventional machining center. However, be- 
cause of the installation of the above-described 
fluid delivery device, the delivery of the grinding 
fluid is not performed from a mixed location as in 
the conventional machining center but is performed 
from the jet nozzles 17 secured to the body mem- 
ber 16 which spins and stops in accordance with 
the shift of the machining point, with the result that 
the grinding fluid is always exactly directed to the 
machining point. This is the most outstanding fea- 
ture of this invention. 

The fluid delivery system will now be de- 
scribed in detail. Fig. 3 is a schematic plan view for 
explaining the fluid delivery system applicable to 
the grinding of the four sides of a workpiece 34 
having a square two-dimensional configuration hav- 
ing appexes A, B, C and D. A grinding wheel 13 is 
given a rotational force in the direction of the 
arrowmark P from the overhead spindle (not 
shown) and. as illustrated, grinding is underway 
from appex A towards appex B of the workpiece 
34. Since the delivery of the fluid from the jet 
nozzles 17 is directed towards the^ machining point 
as indicated by arrowmarks Q, Q . the buildup of 
heat at the machining point is suppressed and, at 
the same time, the removal of grounds is effected 
efficiently so that a neat ground surface can be 
obtained. Then, grinding takes place from appex B 
towards appex C of the workpiece 34. This con- 
dition is illustrated in Fig. 4. The relative movement 
of the grinding wheel 13 with respect to the work- 
piece 34 can be shown by the arrowmark R. On 
the other hand, the position of the body member 
16 of the fluid delivery device would be such as 
represented by the two dots-chain line 16' if it 
simply follows the movement of the grinding wheel 
13. Therefore, in order that the fluid may be deliv- 
ered exactly to the machining point, the body 
member 16 must be rotated through 90 degrees 
circumferentially. This 90* -rotation of the body 
member 16 is effected in association with the 
movement of the ring gear 30 (Fig. 1) connected 
through the fluid delivery pipe 18 projecting up- 
wards from the body member 16. As mentioned 
hereinbefore, driving of said ring gear 30 is per- 
formed by a machining point shift control system 
built into the machining center. Therefore, in the 
grinding operation between appexes B and C, too, 
the delivery of the grinding ftuid is directed to the 



machining point without fail just as shown in Fig. 3. 
The same is true, i.e. the fluid is delivered towards 
the machining point, of grinding between appexes 
C and D and that between appexes D and A as 
5 well. 

Thus, in the grinding operation by the machin- 
ing center equipped with the machining center fluid 
delivery system in accordance with this invention, 
the machining fluid is always directed toward the 

w machining point by the movement of the jet noz- 
zles 17 which is associated with the shift of the 
machining point. 

In Fig. 5, the connection to the coupling block 
33 is shown to be formed by a tapered tip of the 

75 fluid delivery pipe 18 and a downwardly flared tip 
opening of the coupling block 33 for ease of en- 
gagement The relative geometry of the connection 
may be reversed. 

When the fluid is delivered as elevated pres- 

20 sure, the fluid may leak out from the connection to 
cause separation of the two members. Therefore, 
as shown in Fig. 6. a rubber gasket or packing 33a 
may be installed rigidly on the inside wall of the 
opening in the coupling block 33 so that the tip of 

25 the fluid delivery pipe will fit into the clearance 
between the rubber packing 33a and the inside wall 
of the coupling block 33. With such an arrange- 
ment, even the high-pressure fluid delivery does 
not cause said separation as the rubber packing 

30 33a under fluid pressure pushes the inside wail of 
the connection outwardly from inside to maintain an 
intimate seal between the two members. 

Further, in the above grinding operation, the 
workpiece to be ground need not be a square work 

35 such as the one described but may be of any 
desired shape, e.g. polygonal, namely hexagonal, 
octagonal, etc., circular, cam-like or otherwise spe- 
cially configured. For it is sufficient to transform the 
input control formula for the machining point con- 

40 trol system in the stage of presetting the machining 
center. 

The tool to be mounted on the tool holder 2 is 
not limited to the grinding wheel 13 mentioned 
hereinbefore but may be selected from among the 

45 variety of tools such as a milling cutter, drill, and so 
on which are usually incorporated in a machining 
center so that various machining operations can be 
performed according to the selected tools. How- 
ever, since the most outstanding advantage of the 

so fluid delivery device of this invention lies in that the 
fluid can be selectively delivered to the machining 
point throughout the operation, it seems optimal to 
use the device for grinding operations. 

Further, in the above-described fluid delivery 

55 system, it is possible to install two (a) or three (b) 
fluid delivery pipes 18 and provide a larger number 
of jet nozzles 17 as illustrated in Fig. 7. By so 
doing, more delicate fluid delivery can be carried 
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out using a high-pressure fluid and low-pressure 
fluid in a suitable combination. 

Moreover, in the above embodiment the fluid 
delivery pipe 18 which transmits the rotational force 
of the ring gear 30 to the body member 16 bears 
the above rotation at its top end (the point of 
connection to the coupling block) with the result 
that the pipe 18 is subjected to a load in the 
direction of the above rotation and may tend to be 
damaged. Therefore, as shown in Fig. 8, it may be 
so arranged that a cylinder 35 is disposed in a 
position opposite to the direction of rotation of the 
ring gear 30 with respect to the fluid delivery pipe 
18 so that as the ring gear 30 begins to spin in the 
direction of the arrowmark, the tip 36 of the piston 
rod of said cylinder 35 presses the exterior wall 
surface of said water delivery pipe. Figure 9 shows 
another embodiment of this invention. 

Whereas the body member 16 as a whole is 
upwardly pre-energized in the fluid delivery system 
shown in Fig. 1, only the fluid delivery pipe 18 is 
pre-energized in this embodiment. Otherwise the 
construction of this embodiment is similar to that of 
the embodiment of Fig. 1 and, therefore, the like 
parts are designated by the like numerals. 

Thus, this fluid delivery pipe 18 communicates 
with an inlet 17a of said jet nozzle 17 at its lower 
end through a sleeve 40 and is formed with a 
flange 18a toward its upper end. The said sleeve 
40 is secured in position in a hole drilled through 
the top wall of the body member 1 6 and has a bore 
which increases in diameter in the upper portion 
thereof, with a compression spring 41 installed on 
the step formed by said bore. Therefore, the fluid 
delivery pipe 18 is kept biased upwards by the 
spring force of said compression spring 41 and is 
abie to slide up and down within the sleeve 40. The 
lower side of said sleeve 40 accepts the inlet 17a 
of said jet nozzle 17 so that free communication is 
established between the fluid delivery pipe 18 and 
the jet nozzle 17. The reference numeral 42 repre- 
sents a stopper integrated with the fluid delivery 
pipe 18, which performs the same function as the 
stopper 22 shown in Fig. 1, that is to say the 
function of securing the body member 16 upon 
dismounting of the tool holder 2 from the machin- 
ing center. 

The coupling block 33 which connects said 
fluid delivery pipe 18 to the ring gear 30 on the 
driving source block side has a fluid delivery tube 
(not shown) running therethrough and a piston 43 
whose tip projects externally of the fluid delivery 
pipe 1 8 is slidably installed in the passageway 33a. 
As the grinding fluid or the like is supplied to the 
above passageway, the piston 43 projects farther 
outwards to press on upper end 44a of a clamp 44 
mounted on the fluid delivery pipe 18. And the 
clamp 44 rotates about an axis of rotation 44b to 



push up the flange 18a of the fluid delivery pipe 18 
and thereby reinforce the engagement between the 
fluid delivery pipe 18 and the coupling block 33. In 
this arrangement, the higher the fluid pressure is, 
5 the greater is the reinforcement of the connection 
by the clamp 44 so that the leakage of fluid is 
reduced and fluid delivery at a higher pressure can 
be effected. 

Fig. 10 shows a still another embodiment of the 
10 present invention. 

This fluid delivery device is characterized in 
that the driving source block is not equipped with a 
motor or the like so that the body block is manually 
driven. 

75 In the drawing, the reference numeral 51 repre- 

sents a ring-shaped guide which is rigidly mounted 
coaxially with the machining center spindle 1 at the 
lower end of the outer cylinder 1a of the spindle 1. 
Indicated at 52 is a thin support ring having an 
20 outer diameter slightly larger than that of said ring- 
shaped guide 51 as rigidly mounted on the lower 
surface of said ring-shaped guide 51. The refer- 
ence numeral 54 represents a ring gear which is 
cut away in its lower portion along its inner circum- 
25 ferential surface to form a step or land 54a and the 
inner circumferential surface of said ring gear 54 is 
rotatably held in slidable contact with the outer 
circumferential surface of the ring-shaped guide 51 
while said step 54a is also held in slidable contact 
30 with the upper surface of said support ring 52. And 
the lower surface of said ring gear 54 is provided 
with an angular scale. Moreover, the stationary part 
of the machining center corresponding to the refer- 
ence graduation on this angular scale carries an 
35 identification mark. On the other hand, a pin 56 
supported by a bracket 55 secured to the outer 
cylinder 1 a on the machining, center side projects 
into a space between teeth on the outer circum- 
ferential surface of said ring gear 54. The above 
40 pin 56 is caused to bias the ring gear 54 at all 
times by the spring force of a compression spring 
57 installed as illustrated but as the pin 56 is pulled 
with fingers as indicated by the arrowmark. the 
above biasing force is relieved to disengage the 
45 pin 56 from the ring gear 54. Therefore, one may 
set and lock the ring gear in any desired position 
by the steps of pulling the pin 56 out of engage- 
ment with the ring gear 54, rotating the ring gear 
54 manually through the desired angle while view- 
50 ing the angular scale on the lower surface of the 
ring gear 54, and stop pulling the pin 56 to allow it 
to re-engage the ring gear 54 between its teeth. 

A coupling block 33 like the one shown in Fig. 
1 is rigidly secured to the lower surface of said ring 
55 gear 54 to provide an integral unit together with the 
body block mounted on the tool holder 2 side. 

Tnis body block is characterized in that the 
body member 16 is equipped with a takeup means 
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57 for taking up the fluid delivery tube 56 con- 
nected to the coupling block 33. This takeup 
means 57 is formed by flanges 58 and 59 which 
are affixed to the upper and lower end surfaces of 
the body member 16. Thus, when the ring gear 54 
is rotated as described above, the fluid delivery 
tube 56 connected to the coupling block 33 revolv- 
ing together with the ring gear 54 may hung down 
depending on the angle of rotation. Therefore, the 
takeup means is adapted to take up the fluid deliv- 
ery tube 56 to cancel the slack and thereby protect 
the fluid delivery tube against contacting the tool 
13 and being damaged. 

With this fluid delivery system, the direction of 
fluid delivery can be manually controlled to follow 
up with the constantly changing machining point 
without resort to a control mechanism for delicate 
control of the direction of fluid delivery. 

Figures 11 and Fig. 12 (the bottom view of fig. 
11) show a modification of the preceding embodi- 
ment. Thus, this fluid delivery device is used when 
a small-diameter tool 13a is employed. The jet 
nozzle 17 is not arcuate but straight and its dis- 
charge openings 17a are oriented towards the ma- 
chining point in the manner of flanking the tool 13a. 
Moreover, the body member 16 is large in longitu- 
dinal thickness and a flange 60 forming the takeup 
means 57 is provided only on the underside. Other 
structural features, operation and effects of this 
modified embodiment are similar to those of the 
preceding embodiment. 

It should be understood that the body block 
having said takeup means 57 is not limited to the 
manual type driving source block shown in Fig. 10 
but a combination with an automatic driving source 
block such as shown in Fig. 1 and Fig. 9 may be 
employed as well. 

Fig. 13 shows a still another embodiment of 
this invention. However, this fluid delivery system 
is distinct only in the construction of the body 
block and the driving source block may be similar 
to that shown in Fig. 1. Therefore, the machining 
center and the driving source block mounted there- 
on are not shown. 

Thus, as shown in Fig. 14 which is a view 
taken on the A-A line, this body block has an air 
inlet pipe 70, a low-presure coolant inlet pipe 71 
and a high-pressure coolant inlet pipe 72, or a total 
of 3 pipes. 

The air pipe 70 mentioned above comprises an 
outer cylinder 70a secured rigidly to the body 
member 75 and an inner cylinder 70b which slides 
up and down along the inner circumferential sur- 
face of the outer cylinder 70a under the influence 
of a compression spring 73, and communicates 
with a bearing 77 interposed between the body 
member 75 and the tool holder 2 through a con- 
necting pipe 76 and a passageway (not shown) in 



the body member 75. Therefore, as air is injected 
at grinding, the bearing 77 is supplied with pressur- 
ized air so as to prevent infiltration of grounds or 
cuttings into the bearing 77 and consequent inter- 

5 ference with smooth rotation of the body block. 

Moreover, as shown in Fig. 15 (a section view 
taken on the line B-B' of Fig. 14), said low-pressure 
coolant inlet pipe 71 also has a double structure 
consisting of an outer cylinder 71a and an inner 

10 cylinder 71b, with the inner cylinder 71b being 
vertically slidable along the inner circumferential 
surface of the outer cylinder 71a under the influ- 
ence of a compression spring 78. The low-pressure 
coolant flows from the inner cylinder 71b to a 

75 connecting pipe 79 to a space 80a formed around 
the bearing 77 to a connecting pipe 80 to the lower 
end of the outer cylinder 71 a. The lower end of the 
outer cylinder 71a of the above low-pressure cool- 
ant inlet pipe 71 is provided with a coupling as 

20 indicated by the two dots-chain line for connection 
to the jet nozzles 17 (Fig. 10). Therefore, as a low- 
pressure coolant is introduced in grinding opera- 
tion, the coolant flows into the space 80a around 
the bearing 77 and is then discharged to the ma- 

25 chining point so that the heat generated around the 
bearing 77 due to the friction of rotation is 
quenched by said coolant to extend the useful life 
of the component parts. 

Furthermore, as shown in Fig. 16 (a sectional 

30 view taken on the line C-C' of Fig. 1), said high- 
pressure coolant delivery nozzles 72 is also a dou- 
ble structure consisting of an outer cylinder 72a 
and an inner cylinder 72b, with the inner cylinder 
72b being vertically slidable along the inner cir- 

35 cumferential surface of the outer cylinder 72a un- 
der the influence of a compression spring 81. The 
lower end of said high-pressure coolant inlet pipe 
72 is provided with a coupling as indicated by the 
two dots-chain line for connection to the jet nozzles 

40 17. The outer periphery of the inner cylinder 72b of 
said high-pressure coolant inlet pipe 72 is provided 
with a flange 72c so that when the high-pressure 
coolant inlet pipe 72 fits with the coupling block 33 
on the driving source block side to introduce the 

45 high-pressure coolant, a clamp 44 is actuated as 
indicated by the two dots-chain line to reinforce the 
fitting connection. This is similar to the case in Fig. 
9. 

Referring, now, to Fig. 13, the reference nu- 
so meral 82 represents a member which performs the 
same function as the stopper 42 in Fig. 9. Thus, 
upon dismounting from the machining center, it 
engages a cutout portion 83 of the tool holder 2 
under the upward biasing force of a compression 
55 spring 73 to position the body block. 

Coupling between the above body block and 
the driving source block shown in Fig. 9, for in- 
stance, is preferably by means of a coupling block 
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90 such as the one shown in Rg. 17. Fig. 17(a) is a 
plan view and Rg. 17(b) is a front elevation view. 
This coupling block 90 is secured rigidly to the 
driving source block by applying mounting lobes 

91 to the ring gear 30 (Rg. 9) and locking them in 
position with a screw. The reference numeral 93 
represents an integrally formed journal adapted to 
rotatably support a rotary shaft 44b of the clamp 
44. The above-mentioned coupling block 90 is pro- 
vided with a hole 94 for connection to the air inlet 
pipe 70, a hole 95 for connection to the low- 
pressure coolant inlet pipe 71 and a hole 96 for 
connection to the high-pressure coolant inlet pipe 
72 and each of these holes is extending to the 
reverse side of the coupling block 33 so that the air 
or the coolant may be introduced from the lower 
end surface of the ring gear 30. As shown in Rg. 
18 which is a sectional view taken on the line D-o' 
of Rg. 17, a hole 100 for insertion of a piston 43 
adapted to push the clamp 44 (Rg. 9) is drilled 
near the hole 96 for connection to the high-pres- 
sure coolant inlet pipe. Since the introduction of air 
and coolant into this coupling block is effected 
from above, e.g. via the passageways formed in 
the ring gear 30, for instance, instead of being 
done from the lateral side of the machining center, 
it is not necessary to extend the fluid delivery 
piping over a long distance as in the foregoing 
embodiments or provide the takeup means 57 
shown in Rgs. 1 0 and 1 1 so that a compact body 
block such as shown in Rg. 13 can be imple- 
mented. In Rg. 13, the position of said coupling 
block 90 is indicated by the two dots-chain line. 

Rg. 19 shows a still further embodiment of this 
invention. 

This fluid delivery system includes a driving 
source block consisting of a stepping motor 
(hereinafter referred to briefly as the motor) 101 
and a pinion gear 102 as mounted on the machin- 
ing center body (not shown) and the body block 
carrying a downwardly extending fluid delivery pipe 
103 is rotatably mounted on the tool coupling shaft 
9 of the tool holder 2. 

First, the driving source block is explained. The 
driving source block essentially comprises a hous- 
ing 104, a motor 101 affixed thereto, a screw shaft 

105 mounted coaxially with the motor shaft of said 
motor 101, and a pinion gear 102 which is meshed 
at right angles with said screw shaft 105. The 
pinion gear 102 is rotatably mounted on sad hous- 
ing 104 and a housing cover 104a through bearing 
means 111 and has above its shaft hole a large- 
diameter hole 1 02a for accepting a coupling block 

106 communicating with the machining center fluid 
delivery passageway for supplying a grinding fluid 
or the like. Inserted below the shaft hole of said 
pinion gear 102 is a fluid delivery pipe 103 to be 
described late, which pipe 103 is adapted to abut 
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the lower end surface of an inner cylinder 107 
which slides within said coupling block 106. In- 
stalled overhead said inner cylinder 107 is a disk 
plate 109 which is upwardly pre-energized' by a 
5 compression spring 108. The lower end surface 
102b of said pinion gear 102 is provided a circum- 
ferentially toothed portion adapted to engage the 
upper end surface 110a of an upwardly extending 
boss of a toothed pully 110 to be described 
70 hereinafter to form a clutch. Like the pinion gear 
102, the screw shaft 105 meshing with the pinion 
gear 102 is also rotatably mounted on the housing 
104 through bearing means (not shown). 

The body block is then explained below. The 
rs body block essentially comprises an inner cylinder 
113 as rotatably mounted on the tool holder 2 
through bearing means 1 1 2 and having a periphery 
formed as a toothed pulley, a toothed pulley 110 
which is connected to said inner cylinder 113 
20 through a timing belt (not shown), a fluid delivery 
pipe 103 as rotatably supported in the shaft hole of 
said toothed pulley 110 through a bush 114, an 
outer cylinder 117 adapted to rotatably support 
said inner cylinder 113 and toothed pulley 110 
25 through bearings 115 and 116, respectively, and a 
downwardly extending air pipe 119 as siidably 
mounted on said outer cylinder 1 1 7 through a bush 
118. The fluid delivery pipe 103 mentioned above 
is fitting into the shaft hole of the pinion gear 102 
30 of the driving source block. The above-mentioned 
toothed pulley 110 has an upwardly extending boss 
whose upper end surface 110a has a circumferen- 
tial toothed portion adapted to engage the lower 
end surface 102b of said pinion gear 102 to con- 
35 stitute a clutch. The above-mentioned air pipe 119 
is biased by a compression spring 120 disposed 
below so that the pipe 119 is upwardly pre-en- 
ergized. Therefore, the tip of said air pipe 119 is 
pressing the forward end of the air supply passage- 
40 way on the driving source block side. As seen from 
the drawings, the air fed into the body block by 
said air pipe 119 finds its way into the various 
bearings 1 12, 115 and 116 within the body block to 
prevent entry of grounds and other dusts into the 
45 bearings. The reference numeraJ 121 represents a 
stopper which engages the cutout of a partially 
exploded disk 122 affixed to the tool coupling shaft 
9 of the tool holder 2 to thereby perform the 
circumferential positioning of the whole body block, 
so Thus, upon removal of the tool holder 2 from the 
machining center, the above engagement is effec- 
ted by the biasing force of said compression 
spring, while mounting of the tool holder 2 on the 
machining center results in disengagement to 
55 make the inner cylinder 113 freely rotatable as 
illustrated. The reference numeral 123 represents a 
jet nozzie mounting plate as integrally mounted on 
the lower end surface of said inner cylinder 113 
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and carries a couple of jet nozzles communicating 
with a fluid delivery passageway (formed in the 
outer cylinder 117 but not shown), from the fluid 
delivery pipe 103. The jet nozzles may be of the 
same type as described in connection with the 
earlier-described embodiments and have been 
omitted from the drawings. 

Like the fluid delivery systems shown in Fig. 1 
and elsewhere in the drawings, the fluid delivery 
system in this embodiment is such that the fluid 
can always be delivered selectively towards the 
machining point by driving the motor 101 in associ- 
ation with the progress of machining operation by 
the machining center. Particularly, this, fluid deliv- 
ery system differs from the fluid delivery systems 
shown in Fig. 1 and elsewhere in that the body 
block attached to the tool holder 2 is not rotated as 
a whole but only the jet nozzle mounting plate 
disposed at the lower end of the body block spins 
together with the inner cylinder 113 build into the 
body block, offering the advantage that there is no 
waste in the action of orienting the nozzles and the 
direction of fluid delivery can be more accurately 
controlled. 

Fig. 20 shows a modification of the above 
embodiment. Thus, this fluid delivery system fea- 
tures a parallel connection between the motor 101 
of the driving source block and the fluid delivery 
pipe 103 of the body block by means of a com- 
bination of two gears 124 and 125. The shaft hole 
of the gear 125 is formed with an axialiy extending 
key-groove 1 25a, while the top of the fluid delivery 
pipe 103 is formed with a projection 103a en- 
gageable with said key-groove 125a. And in the 
condition that the tool holder 2 has been mounted 
on the machining center (not shown) as in the 
illustration, as tha fluid delivery pipe 103 fits into 
said gear 125, the groove 125a engages the pro- 
jection 103a at the same time so that the rotary 
driving force of the motor 101 is transmitted to the 
very fluid delivery pipe 103. The other structural 
features are similar to those of the embodiment 
shown in Fig. 19 and the like numerals are used to 
denote the like parts. 

This fluid delivery system also produces the 
same effect as the fluid delivery system illustrated 
in Fig. 19. 

The machining center fluid delivery device ac- 
cording to this invention produces an unparalleled 
effect in that it delivers a machining fluid exactly 
towards the machining point at ail times through 
mere attachment of a few additional components to 
the hithertoavailable machining center and asso- 
ciated tool holder. Therefore, the machining opera- 
tion with the machining center equipped with the 
fluid delivery device according to this invention 
features a minimum of heat buildup and an ade- 
quate removal of chips or grounds thanks to the 



oriented delivery of the machining fluid to the ma- 
chining point which is the point of contact between 
the workpiece and the tool, thus offering a high- 
performance machining effect which has never 
s been materialized in the past. Furthermore, the 
damage and wear of the tool is minimized and the 
machining efficiency enhanced. 

10 Claims 

1. A machining center fluid delivery system 
characterized in that it comprises a body block to 
be mounted on a tool holder (2) mounted on a 

75 machining center and a driving source block 
(30,31,32,33) (101,102,102a,104,104a,105) to be 
mounted on the body of the machining center, the 
body block comprising a body member (16) (110- 
122) for mounting on the tool coupling shaft (9) of 

20 the tool holder and adapted to be freely rotatable 
upon mounting the tool holder carrying the body 
block, on to the machining center and to engage 
with the tool holder upon dismounting the tool 
holder carrying the body block from the machining 

25 center, a fluid delivery pipe (18) (103) extending 
upwardly from the body member and adapted to fit 
into a connecting hole provided in the driving 
source block upon mounting of the tool holder 
carrying the body block onto the machining center 

ao to enable a rotary driving force from the driving 
source block to be transmitted to the body block 
and to render the body block in fluid communica- 
tion with a fluid supply passageway (56) extending 
from the machining center and a fluid nozzle (17) 

as projecting from the body member and commu- 
nicating with one end of the fluid delivery pipe so 
as to deliver a fluid to the machining point, the 
driving source block being provided with a driving 
source (32) (101) for applying the rotary driving 

40 force to the body member of the body block. 

2. A machining center equipped with a fluid 
delivery system according to claim 1 . 

3. A machining center according to claim 2 
which is provided with a driving controller compris- 
es ing in combination a reader capable of reading the 

position of the machining point and outputting a 
first signal in response thereto, a computational 
operation means capable of computing the rota- 
tional angle of the body member corresponding to 

so the orientation of fluid discharge from the jet noz- 
zles (17) towards the machining point based on the 
first output signal from the reader and outputting a 
second signal, and a current supply means adapt- 
ed to supply an electric current to the driving. 

55 source based on the second output signal. 

4. A fluid delivery system for a machining 
center comprising a driving source block 
(30,31 ,32,33) (1 01 , 1 02,1 02a, 1 04, 1 04a, 1 05) for 
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mounting on a machining center and a body block 
for mounting on a tool holder (2) for use in the 
machining center, the body block being adapted to 
rotate freely about the tool holder connecting shaft 
(9) when the tool holder is mounted on the machin- s 
ing center, the body block comprising a fluid deliv- 
ery pipe (18) (103) which, when the body block is 
on a tool holder mounted on a machinery center, 
connects a source of fluid io a fluid nozzle (17) 
carried on the body block and transmits rotary ;o 
drive from the driving source block mounted on the 
machining center to the body block. 

5. A fluid delivery system, according to claim 4 
in which the driving source block (30,31,32,33) 
(I0l,102,l02a,i04,i04a t l05) is adapted to drive /5 
the body block in response to signals characteristic 

of the position of the machining point of the tool in 
the tool holder carrying the body block, whereby 
fluid maybe directed from the source of fluid to the 
machining point by way of the or each fluid deiiv- 20 
ery pipe (18) (103) and the or each fluid nozzle 
(17). 

6. A machining center comprising a fluid deliv- 
ery system according to claim 4 or 5. 
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